Sratigraphic Cross-Section of Ratcliffe Interval through the Foreman Butte Fied Using

North Dakota Geological Survey - y I I I I I Edward C. Murphy, Sate Geologist
Seologie Imvestioatione No, 45 Neutron-Densgty L ogswith the Distribution of M oveable Hydrocarbons and Water Saturation D, elma it sctor. Dot of Mineral Respurces

by
Sephan H. Nordeng
2007
A Al oL ALY e e B b LR T N AR
T T l.
I S A .--l--.--! : . = '—T_T‘-‘
DAVIS BENCH CARTER RUTH 1-23 THOMAS THOME HEN EREENETE I°
33053027170000 33053026660000 33053026370000 33053025800000 33053026360000 33053026550000 : - i
IP_OIL : 125 IP_OIL : 143 IP_OIL : 294 IP_OIL : 400 IP_QIL : 55 IP_OIL : 133 1] e
L <8 TO1FT> L ] <8, T92FT=> & =5,028FT> L =13 646F T> » <11,982FT> L < =4 {2
-1 L]
o | L ri oFF T W [_oPrz L DPHE MH OPHZ | [z | LT : 1
L‘:.“'"I 3 T " TR = an b 9 L.T"“:;. T L'é""'"-Tﬁ — H 1 i
F‘F:ﬂ':' i el B FRNDHLT]  FXOC e | EXHD ALY . AN, I L2 o LTF“E MO HLT) REOZ i L.F"?‘*'Z'r"'“-.T | Rxoz L, L . _red
3 050 002 125 ik ] | e ) 1258 k] & o3 T e | 135 3 DAy 000 125 3 Aifaing 135
Fﬁt‘ [ wPoR | R ALY | [eR] NPOR _ | AT HRLT | PAY GR PR Lﬁ NPOR | RTMALT |  PAY GR _Weor | AT HRLT | PAY G L MPOR | T HRLT |  PAY
lis L'.J- L B i 8100 N3 DAoar 000 1 E | ik 21 1_I:l'.|| ik L E0nT 20000 1 :L 3 S| TS O b ik o] 1 103 3 ; 3 1 . .
iE S 8 2= = | == E2 S 135 : £ = | & - i West Tioga Field - Bor stadt 3-3
i" 7 7 . Ll { ey Fo e e i ¢ LB J:ﬁ Vertical Distribution [ : : ,5 NDIC # 12024
B = = — o | AR i E et - e of Survey Points = M = £
o A r_TER el S - \ — ! ] g e R - ¥ = =
i =t T T R . : = - = - e Collected . . o . . . ,
4 BN 2 I8 B &= { § ;5? B SER =R | ‘-‘5 ] £is D E:ﬁﬁg 48! %_--E:‘-.: GammaRay-Caliper, Dual Induction—Microspherically Focused Logand
/| B E; = d df*- ’ e 4 =k S E ““;r e i % L — \-;\r' E f.i_E_— Compensated Neutron—Density Porosity logsfrom the Borstad 3-3well. Theinterval
iR 3 _ﬁi‘_;_‘ , = ‘gw?f_%_ . _"'1 4 "s — ﬁ_i?:'if' F} 3 ‘Ef‘_ig':_:__ CUR g = depictedisintheRatdliffeinterval. The perforated zone (8334-8362) consists of four porosity
- ==t m?ﬂ_-;_a.zf.'; } 4-.‘: e i b {F" ‘j‘:; "-’-"-::lgfh ¥ 44 | Kl \. =T zones (D, E, F and G) separated by thin anhydritic beds. Morethan 25,000 bblsof oil and
S é *1 T "_E:_ = | __;: e . = ;} § 4 5_;:5:: ‘,E ..-f . 5"' e !'f;' i - g 3100 bblsof water have been produced from the perforated interval inthisvertical well.
A" Marker - b= f: - cr ! . = — ] , -:ﬂjr- FH 'ﬁ;; == . '| X "-_13 =" penss : e R - . - R
Top Flate Lake |[- e = &8 T ; — 5 e B Y ) 1 1 [ f_FE;-I-:-_'__'—: ; owzy B %—gﬁ“ = umilEs== N e e MEmcs——-====r=i==c
- | S i S S mm— R - iE | T =g Fa—— ’g i B apsaEsensecCIRInes
B I | _'f' i “;*—E’- ; b { b i T | "f_'qfﬁ_"-.-_“:_' L = e e — o s = e e e e
' 5 EEE i F ' — = - o e S e ' FH i ) || e — 2! SE=gE== ..:'_:? m——
; SE w25 ; = = = iEE | { E_:___ - EFren ] E" S - e L
{ b i % = P ihi 2 6.1 S s L { : e
' | E_ E | P — B! 7 i e 1 === B o : =
"B Marker | i s | | % e '|| I 1 '. _ée é -= ‘ 3 i!‘_’:’:‘_— - | ; ér| 1 o o ——
| b ol f Tk T i 1 | — = - - — | { == L e i ] et _ =y E o
'. e i = E-E«%ﬂ_'::_—_:__:_ | | B % :%f e | G e & L 2 i e ]
4 E‘; - 5| 3 Elh-'v,%_-- e ', ! r 1B 2| é 7 2 1 v =m0 =i f‘ = e m e e
i M 2] = } = r = = 53 H : = s e ] = ! A T ST S S T R R | B et ol b T el e e e e e
Il' ,"'!:i' i : il I ‘,l_":')é { "-'-'i""—_ ;I I k;__: 1 By i i = '_'!_ it E * gl e v gt TR Eﬁ ' 3 = T — ; '_ : = - e
i 5 I | S e 4 ST 1iH - <= Tt ¢ . ¥4 g e =
4 : oL L S & =0 S 3= als g Essizssy HEEE
z = &= = PSS ¢ B = HES - S=S===
} o8 SEE TE < = < 3| | S== e SEss=ssse=t Bies
| e i e ; = £ FEs 4 e : ; . ES R
3 = f ﬁ 61__?:‘::-_ o 5 & ' = i ; A F- O3 %;'E‘___ P 71 | BT T Py o7
Top Mission i . Ili 3 ',}‘1 = ] H &1 g_;:;__—_:“ ? ST & S = o b S s 20 e T
b B - Lo = i 5 'R 1 Sra 44 = =1 Gk o LAEADWMMD i | A - -
I:ﬂrl!ﬁ:ln L l.!'_ : = j-l'_ i ';l i \lﬁ.- '--J_{\‘__j ¥ .L :} . g . tlf-’é{_:'t_\?_ . . . 1] - L i i?- 1_ i :.21 i - t:: I:::: Elao.a 1 MADE —e AUBE]
T ‘{' S SIS FTITT TR
B L= =
Wirelineanalysisof the Ratcliffesubinterval in the Foreman Buttefield Archieequation MoveableHydrocarbon Index: (S, /S ) Raw log datafrom the Ratcliffeinterval inthe Borstad 3-3 well located intheWest Tiogafield.
peoe The shaded zones correspond to oil saturated interval sthat could be expected to produce ail.
TheArchieequation (Archie, 1952) isused to estimate the amount of water and thus Water saturationinformation MHI=S /S _= [(R /R)/I(R /R )] LOG CURVES Thelogsused areadud laterolog—microspherically focused log and neutron-density porosity
theamount of hydrocarbonsthat are presentinaformation (S, ) based on the easewith which 03 0.1 log.
electrica current passesthrough thewater saturated rock (R). Thecomplexity of the current S,=(@0¢"xR /R)¥" " :;H LASDataUsed: 03 . NPOR - EMHANCE[_} THERMALNEUTRON POROSITY
path through thefluid filled pore spacewithin rock isdescribed by thetortuosity factor “a’ and #| Fomaiicn R, = RXOZ - Standard Resolution Invaded Zone Resigtivity s== == === PXHD_HILT - Porosity Cross Plol Zzne S% Fi%% gnésg 2”/;‘1333 f;q;dén ;354 ngglm
the cementation factor “m” and thefraction of the rock occupied by pore space (¢). An Water saturationinflushed zone R =RT_HRLT - Computed True Resitivity ——  PAY - Culoff B 305 16 189 18.90 500 8303 8306
additional term (n) isused to describetheflow of electrical current through the pore space o R_=LogHeader corrected for temperature using Arp’sequation ] - c 58.00 5835  43.05 0.08 249 8325 8330
whenitisfilled with acombination of conductivewater andinsulating hydrocarbons. S.=@omxR_/R ) 3 - R, =Wiater catal ogue corrected for temperature using Arp’sequation — GR-Gamma Ray D 2.37 2.04 1.36 26.00 14.00 8336 8339
L I bt & =PXND_HILT - Corrected Total Porosity =" RT_HRLT - Computed True Resistivity E 2.30 2.10 0.79 29.48 17.00 8343 8347
TheArchieequationiseffectivein eva uating thein place reserveswithinaformation. ) ! ME . — 2% RXOZ - Standard Resolution Invaded Zone Resistivity g é'gg é‘% é‘é‘;’ gg'gg 1;"1‘8 gggz gggg
However thiseval uation cannot, by itself, determinewhether or not the hyrdorcarbonswithin ® [ imasion When(S /S ) is: o ' o Water Saturation ' ' ' ' '
thereservoir are capable of being produced. Asquith (1982) showsthat the Archieequation o ETTIRY ble Hvd
can beused to indi cate the presence of producible hydrocarbonsthrough the calcul ation of the Where i greater than or equal to 1 then no hydrocarbonswere moved during invasion. a N - Moveable Hydrocarbon Index _ Theresistivity of themudfiltratein the Borstad 3-3well was0.048 ohm-mat 76 °F. The
so called Moveable Hydrocarbon Index or MHI. Thisisaccomplished by making useof the S, = Water saturation of the uninvaded zone Step Profile of Invasion = DPHZ - Standard Resoultion Density FPorosity resistivity of theformationwater (Rw) intheWest TiogaField is, from thewater catal ogue, 0.46
fact that during drilling, fluidsfromthedrilling mud infiltrate the formation near thewell bore. If S = Water saturation of theflushed zone [Modied afer Drasser Alias) < 0.7 (sandstone) moveable hydrocarbonsindicated. ohm-mat 75°F. Theraw resistivity dataiscorrected for theinfluence of theflushed zone. The
thefluid displacesasignificant portion of theorigina formation fluid then theresstivity of the a=tortuosity factor (assumed to be 1) Li?fl’e Movable Hydrocarbon Index (MHI < 0.6) and water saturations (S, < 0.6) of zone E obtained
invaded zone changesrel ativeto theresistivity of theformation that isbeyond theinvaded ¢ = porosity < 0.6 (carbonates) moveabl e hydrocarbonsindicated. Inital Praduction Oil fromthe corrected formation and flushed zoneresistivities(R, andR ) areconsistent withthe
zone. Resistivity measurementsof thesetwo zones can be used in conjunctionwiththeArchie m = cementation factor (assumed to be 2) ® oil production obtained fromthisinterval.
equation to provide anindication of hydrocarbon migration during thedrilling process. Thisis n = saturation exponent (assumed to be 2)
done by comparing thewater saturation of theinvaded zoneto thewater saturationinthe R, =Resdivity of theformation fluid at formation temperature References: Cross
uninvaded formation. Thecalculationinvolvestwo setsof Archieequationsinwhichthewater R . =Resdivity of themudfiltrateat formation temperature Zone R.o/Rust  Ri/Ris R/R,, d, R/R, R; R MHI Plot %® S,
saturationintheflushed zone (S ) isdetermined by theresisitivity of themudfiltrate(R ) and R =Trueresistivity of formation (ILD or LLD log corrected for invasion) Asquith, GA. (1982) Basic Well Log Analysisfor Geologists, American A 2.32 1.35 135 35.00 3.00 2.97 0.99 0.56 17.99 0.64
thewater saturationin theuninvaded formation (S, ) iscontrolled by theresistivity of the R .= Resitivity of theflushed zone (LL8 or MFL or MLL logs) Association of Petroleum Geol ogists, Tulsa, Oklahoma, 216 pgs. B 161 141 180  100.00 2.30 5.49 2.39 0.63 1344 0.64
formationwater (R ). TheMHI istheratio between thewater saturationsin theinvaded and ¢ 1.34 0.99 1.20 0.00 1.40 69.60 49.71 0.81 L.76 136
: w/r . - . e : . D 1.74 1.16 1.20 22.00 1.30 2.84 219 0.84 20.88  0.57
univaded zonesthat providesthe comparison that indicateswhether hydrocarbons have Archie, GE., 1952, Classification of reservoir rocksand petrophysical E 201 1.10 1.20 20.00 3.30 276 0.84 053 24.06 050
moved. Takingtheratio of thesetwo setsof Archieequationsforcesall of the unknown considerations: AAPG Bull., v. 36, no. 2, p. 278-298. F 1.61 1.21 1.30 50.00 2.00 2.38 1.19 0.68 18.79  0.69
variables(a, mand ¢) to cancel oneanother. TheMHI can therefore befound from G 1.33 1.13 1.20 40.00 1.50 1.07 0.71 0.79 19.14 1.01
resstivity measurementsaone. .
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